Copper deficiency inhibits Ca2+-induced swelling in rat cardiac mitochondria.
Cu deficiency disrupts the architecture of mitochondria, impairs respiration, and inhibits the activity of cytochrome c oxidase - the terminal, Cu-dependent respiratory complex (Complex IV) of the electron transport chain. This suggests that perturbations in the respiratory chain may contribute to the changes in mitochondrial structure caused by Cu deficiency. This study investigates the effect of Cu deficiency on Ca2+-induced mitochondrial swelling as it relates to changes in respiratory complex activities in cardiac mitochondria of rats. Male weanling rats were fed diets containing either no added Cu (Cu0), 1.5 mg Cu/kg (Cu1.5), 3 mg Cu/kg (Cu3) or 6 mg Cu/kg (Cu6). The rate of Ca2+-induced mitochondrial swelling in the presence of succinate and oligomycin was reduced, and the time to reach maximal swelling was increased only in the rats consuming Cu0 diet. Cytochrome c oxidase activity was reduced 60% and 30% in rats fed Cu0 and Cu1.5, respectively, while NADH:cytochrome c reductase (Complex I+ComplexIII) activity was reduced 30% in rats consuming both Cu0 and Cu1.5. Mitochondrial swelling is representative of mitochondrial permeability transition pore (MPTP) formation and the results suggest that Ca2+-induced MPTP formation occurs in cardiac mitochondria of Cu-deficient rats only when cytochrome c oxidase activity falls below 30% of normal. Decreased respiratory complex activities caused by severe Cu deficiency may inhibit MPTP formation by increasing matrix ADP concentration or promoting oxidative modifications that reduce the sensitivity of the calcium trigger for MPTP formation.